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1 . Introduction 

At  the  request  of  the  Public  Buildings  Service,  General 
Services  Administration,  the  performance  characteristics  of 
the  Farr  HP  100  and  HP  200  replaceable  cartridge  air  filters 
were  determined.  The  scope  of  this  examination  included  the 
determination  of  the  arrestance  of  particulate  matter  in  the 
laboratory  air,  the  pressure  drop,  and  the  dust  holding  capa- 
city of  the  specimens  at  the  rated  air  flow  rate  of  1,000  cfm. 


2 . Description  of  Test  Specimens 

The  filters  were  manufactured  and  supplied  for  test  pur- 
poses by  the  Farr  Company  of  Los  Angeles,  California.  The 
devices  consisted  of  a replaceable  media  or  cartridge,  a 
retainer  made  of  steel  wire  and  shaped  to  support  the  pleats 
of  the  filter  medium,  a holding  frame,  and  a sealer  frame. 

The  holding  frame  was  made  of  sheet  steel  and  a number  of 
these  frames  could  be  bolted  together  to  form  a filter  bank. 
The  retainers  were  fastened  in  the  holding  frame  by  means  of 
spring  steel  clips.  When  the  filter  cartridge  had  been 
installed  in  the  retainer  the  sealer  frame  pressed  the  media 
against  the  holding  frame  to  prevent  air  from  leaking  past 
the  filter  medium. 

The  HP  100  and  the  HP  200  cartridges  could  both  be  fitted 
into  the  same  frame.  The  cartridges  were  approximately  12  in. 
deep  and  each  had  an  effective  filter  area  of  about  42  sq  ft. 
The  rated  air  flow  for  either  specimen  was  1,000  cfm,  corres- 
ponding to  a face  velocity  of  250  ft/min.  at  the  2 ft  square 
holding  frame  of  the  filter  and  about  24  ft/min  face  velocity 
at  the  filter  media. 

The  filter  cartridges  were  supplied  folded  and  could  be 
fitted  Into  the  retainer  when  unfolded.  The  filter  media 
were  made  of  a dry  glass  fiber  felt,  approximately  1/8  inch 
thick. 
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3 . Test  Method  and  Procedure 

The  filters  were  tested  at  the  rated  air  flow  rate  of 
1,000  cfm.  The  arrestance  determinations  were  made  using  the 
NBS  Dust  Spot  Method  described  in  a paper  by  R.  S.  Dill  entit- 
led ”A  Test  Method  for  Air  Filters”,  (ASHVE  Transactions,  Vol. 
44,  pp.  379,  1938).  The  filter  under  test  was  installed  in 
the  test  apparatus  and  carefully  sealed  to  prevent  any  by-pass 
of  air  or  inward  leakage  into  the  test  apparatus,  except 
through  the  measuring  orifice.  After  establishing  the  correct 
air  flow  rate  through  the  filter,  samples  of  air  were  drawn 
from  the  center  points  of  the  test  duct  2 feet  upstream  and 
8 feet  downstream  of  the  test  specimen  at  equal  rates  and 
passed  through  known  areas  of  Whatman  No.  4l  filter  paper.  The 
arrestance  determinations  were  made  with  the  particulate 
matter  in  the  laboratory  air  as  the  aerosol  except  for  one 
measurement  on  the  HP  200  filter  using  Cottrell  precipitate. 

The  light  transmission  of  the  sampling  papers  was  measured 
for  the  same  area  of  each  paper  before  and  after  the  test  and 
the  two  sampling  papers  used  for  any  one  arrestance  determina- 
tion were  selected  to  have  the  same  light  transmission  when 

clean. 

For  determining  the  arrestance  of  the  particulate  matter 
in  the  laboratory  air  equal  sampling  areas  were  used  in  the 
upstream  and  downstream  samplers.  A similar  increase  of  the 
opacity  of  the  two  sampling  papers  was  obtained  by  passing  the 
sampled  air  through  the  upstream  paper  only  a part  of  the  time 
while  operating  the  downstream  sampler  continuously.  This  was 
accomplished  by  installing  one  solenoid  valve  in  the  upstream 
sampling  line  and  another  one  in  a line  by-passing  the  sampler. 
The  solenoid  valves  were  operated  by  an  electric  timer  and  a 
relay  so  that  one  was  open  while  the  other  one  was  closed  dur- 
ing any  desired  percentage  of  the  5-miuute  timer  cycle,  revers- 
ing the  position  of  the  two  valves  during  the  remainder  of  the 
cycle.  The  arrestance,  A (in  percent),  was  then  determined 
with  the  formula: 

A = 100  - T x 

where  T is  the  percentage  of  time  during  which  air  was  drawn 
through  the  upstream  sampler,  and  AU  and  AD  are  the  observed 
changes  in  the  opacity  of  the  upstream  and  downstream  sampling 
papers,  respectively. 

For  determining  the  arrestance  of  the  filter  with  Cottrell 
precipitate  as  the  test  dust,  different  size  areas  of  sampling 
paper  were  used  upstream  and  downstream  of  the  filter  in  order 
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to  obtain  a similar  increase  of  opacity  on  both  sampling  papers. 
The  arrestance  was  then  calculated  by  the  formula: 

A = (1  ■ 5 x x 100 

where  the  symbols  A,  AU,  and  AD  are  the  same  as  indicated  above 
and  Sjj  and  SD  are  the  upstream  and  downstream  sampling  areas* 
respectively. 

Arrestance  determinations  were  made  at  the  beginning  and 
at  the  end  of  the  test*  and  at  several  Intermediate  values  of 
dust  loading.  The  filters  were  loaded  with  a mixture  of 
Cottrell  precipitate  and  cotton  linters  in  a ratio  of  4 parts 
of  cotton  linters  to  every  96  parts  of  Cottrell  precipitate 
by  weight.  The  Cottrell  precipitate  had  been  previously 
sifted  through  a 100-mesh  screen  and  the  lint  was  prepared  by 
grinding  No.  7 cotton  linters  through  a Wiley  mill  with  a 4 
millimeter  screen. 

The  pressure  drop  across  the  filter  under  test  was  recorded 
at  the  beginning  of  the  test  of  each  specimen*  after  each  arres- 
tance determination*  and  after  every  20-gram  increment  of 
Cottrell  precipitate  had  been  introduced  into  the  test  duct. 

The  tests  were  terminated  when  the  pressure  drop  across  the 
HP  100  type  reached  0.7  in.  W.G.  and  across  the  HP  200  type* 

0.9  in.  W.G. 


4.  Test  Results 

Whereas  only  one  specimen  of  the  HP  200  type  filter  was 
tested  and  was  found  to  perform  as  claimed  by  the  manufacturer* 
four  specimens  of  the  HP  100  type  filter  were  installed  in  the 
test  apparatus*  of  which  two  were  loaded  to  capacity . whereas 
the  other  two  were  removed  after  initial  arrestance  determina- 
tions  showed  that  they  would  probably  not  perform  as  expected. 
Several  cartridges  were  damaged  during  installation  in  the 
retainer  and  had  to  be  discarded. 

A summary  of  the  results  obtained  during  the  tests  of  the 
two  specimen  HP  100  filters  is  presented  in  Table  1 and  the 
results  for  the  model  HP  200  filter  are  shown  in  Table  2. 

The  "Dust  Load"  shown  in  these  tables  is  the  amount  of 
Cottrell  precipitate  and  lint  received  by  the  filters.  It  is 
the  weight  of  dust  introduced  Into  the  test  apparatus  dimin- 
ished by  the  percentage  of  dust  fallout  upstream  of  the  filter. 
The  dust  fallout  was  determined*  at  the  conclusion  of  the  test 


TABLE  X 


PERFORMANCE  OF  FARR  MODEL  HP  100  AIR  FILTER 
AT  1000  CFM  AIR  FLOW  RATE 


Dust  Load 
g 


Pressure  Drop  Arrestanee** 

% — 

SPECIMEN  NO,  1 


0 0.185  65.7* 
201  0.219  80.3* 
403  0.244  73.5* 
604  0.285  71.4* 
806  0.344  75*4* 
1002  0.407  78.9* 
1248  0.570 

1370  0.693  86.6* 


SPECIMEN  NO.  2 


0 

0.190 

72,5* 

143 

0.210 

89.2* 

285 

0.234 

90.9 

468  ‘ 

0.264 

94.7* 

671 

0.330 

95.5 

915 

0.464 

84.3* 

1099 

0.679 

91*7 

^Average  of  two  or  three  arrestance  determinations. 
**Particulate  matter  In  the  laboratory  air  used  as  aerosol 


TABLE  2 


PERFORMANCE  OF  FARR  MODEL  HP  200  AIR  FILTER 
AT  1000  CFM  AIR  FLOW  RATE 


Dust  Load 
g 


Pressure  Drop 
' in.  W.G. 


Arrestance 
% — 


0 

0. 

12 

0. 

112 

0. 

265 

0. 

427 

0. 

548 

0. 

650 

0. 

792 

0. 

938 

0. 

405 

88.0* ** 

410 

98.5* 

439 

89.4* 

475 

91.3 

510 

91.7 

549 

93.3* 

608 

93.3 

728 

94.1 

906 

94.2 

*Average  of  two  tests. 

**The  aerosol  in  this  test  was  Cottrell  precipitate,  all  other 
arrestance  values  were  determined  with  the  particulate 
matter  in  the  laboratory  air. 
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by  sweeping  out  the  test  duct  upstream  of  the  test  specimen 
and  calculating  the  ratio  of  fallout  to  the  total  dust  intro- 
duced. 

Table  1 indicates  that  the  arrestance  of  the  particulate 
matter  in  the  atmospheric  air  for  the  first  specimen  of  the 
HP  100  type  filter  increased  from  65-7  percent  to  86.6  percent 
while  the  pressure  drop  increased  from  0.185  in.  W.G.  to 
0.693  in.  W.G.  due  to  a dust  load  of  1370  grams  of  Cottrell 
precipitate  and  lint.  The  average  arrestance  of  the  second 
specimen  of  this  type  was  appreciably  higher  than  that  of  the 
first  one,  starting  at  72.5  percent  with  a clean  filter  and  a 
pressure  drop  of  0.190  in.  W.G.  The  arrestance  of  the  second 
specimen  increased  to  95*5  percent  at  a pressure  drop  of  0.330 
in.  W.G.,  then  dropped  sharply  to  84.3  percent  at  0.464  in.  W.G. 
but  recovered  at  the  end  of  the  test  to  91-7  percent.  The 
dust  load  of  this  filter  was  1099  grams  and  the  final  pressure 
drop,  0.679  in.  W.G. 

Figure  1 is  a graph  of  the  values  shown  in  Table  1.  The 
upper  section  shows  the  observed  arrestance  values  for  the  two 
specimens  connected  by  straight  lines  and  a dotted  smooth  curve 
which  approximates  the  average  arrestance  values  of  the  two 
specimens.  This  latter  curve  indicates  an  average  arrestance 
of  approximately  83  percent  based  on  the  observations  made  on 
the  two  specimens.  It  will  be  noted  that  the  pressure  drop 
of  the  first  specimen,  having  the  higher  arrestance  of  the  two, 
increased  faster  than  that  of  the  other  filter. 

Table  2 summarizes  the  test  results  obtained  with  the  HP- 
200  model  air  filter.  The  arrestance  of  the  particulate  matter 
in  the  laboratory  air  by  this  filter  was  initially  88.0  percent 
at  a pressure  drop  of  0.405  in.  W.G.  An  arrestance  determina- 
tion with  Cottrell  precipitate  following  the  initial  arrestance 
determination  with  airborne  particulate  matter  in  the  laboratory 
air  as  the  aerosol  showed  98.5  percent.  Thereafter,  the  arres- 
tance of  the  particulate  matter  in  the  laboratory  Increased 
steadily  as  the  dust  load  was  increased  to  final  values  of  94.2 
percent  arrestance  and  coincident  dust  load  and  pressure  drop 
values  of  936  grams  and  0.906  in.  W.G.,  respectively  as  shown 
in  Figure  2.  Assuming  that  this  filter  was  operated  until  its 
pressure  drop  at  the  rated  air  flow  rate  had  increased  by  0.5 
in.  W.G.,  the  approximate  average  arrestance  would  be  92  per- 
cent . 
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